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UV-visible	spectrophotometric	analysis			
	
	
	
	
	
	
	
	
	
	
	
Dynamic	contact	angle	
The	 plasma	 treated	 PA66	 with	 deposited	 AgNPs	 showed,	 at	 a	 diﬀerent	
scale,	the	same	size	dependent	behavior	observed	on	the	untreated	fabrics.	
Larger	the	nanopar@cles	are,	the	more	pronounced	is	the	weAability	eﬀect.	
ACer	 30	 days	 of	 aging	 the	 smallest	 nanopar@cles	 deposited	 on	 the	
untreated	fabrics	showed	the	highest	increase	in	hydrophobicity. 
	
	
	
	
	
	
	
	
	
	
	
	
	
An8microbial	analysis	
The	smaller	is	the	diameter	of	AgNPs,	the	higher	is	the	an@bio@c	eﬀect.	The	
observed	 behavior	 is	 aAributed	 to	 the	 cell	 wall	 composi@on	 of	 gram-
posi@ve	and	gram-nega@ve	bacteria	and	to	the	Ag+/Ag0	ra@o	as	func@on	of	
the	NPs	size.	ACer	30	days	of	aging,	due	to	the	release	of	silver	ions,	both	
the	 gram-posi@ve	 and	 gram-nega@ve	 strains	 showed	 complete	 inhibi@on	
for	all	the	nanopar@cle	sizes	with	excep@on	of	the	100	nm	NPs.	
	
	
	
	
	
	
	
	
	
	
	
	
	
Conclusions	
The	results	of	this	work	display	the	complexity	of	the	interac@on	between	
nanopar@cles	 and	 polymeric	 surfaces	 and	 suggest	 that	 the	 use	 of	 small	
AgNPs	(10-20	nm)	as		an@microbial	agents	can	be	avoided. 
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Introduc8on		
Recently,	 renewed	 interest	 has	 arisen	 in	 silver	 nanopar@cles	 for	 biomedical	
devices	 because	 of	 their	 high	 surface	 energy,	 enhanced	 physicochemical	 and	
biological	 proper@es	 and	 extremely	 large	 surface	 area,	 which	 provides	 beAer	
contact	with	microorganisms.	 Atmospheric	 plasma	 is	 an	 alterna@ve	 and	 cost-
compe@@ve	 method	 to	 wet	 chemical	 nanopar@cles	 deposi@on	 methods,	
avoiding	the	need	of	toxic	solvents,	expensive	vacuum	equipment	and	allowing	
con@nuous	and	uniform	processing	of	material	surfaces.	However,	there	are	no	
reports	 on	 the	 size	 and	 @me-dependent	 an@microbial,	 physical	 and	 chemical	
surface	eﬀects	of	the	silver	nanopar@cles	immobilized	on	plasma	func@onalized	
polymers.	Thus,	the	purposes	of	this	study	were:	(i)	the	silver	nanopar@cle	size	
and	 aging	 eﬀects	 aCer	 30	 days	 on	 the	 an@microbial	 ac@vity	 aCer	 deposi@on	
onto	DBD	plasma-treated	polyamide	6,6	fabrics,	and	(ii)	the	aging	eﬀect	on	the	
physico-chemical	 binding	 mechanism	 between	 diﬀerent	 sized	 silver	
nanopar@cles	 and	 the	 plasma	 treaded	 polyamide	 6,6.	 Five	 diﬀerent	 in	 size	
commercial	 silver	 nanopar@cles	 have	 been	 employed	 (10,	 20,	 40	 60	 and	 100	
nm).		
	
XPS	analysis	
Deconvolu@on	of	the	C1s	and	O1s	core	levels	aCer	plasma	treatment	show	new	
peaks	aAributed	both	to	the	huge	amount	of	newly	formed	polar	groups	and	to	
the	 silver	 nanopar@cles	 interac@ng	 to	 the	 fabric	 via	 hydroxyl	 and	 carboxylic	
groups	as	conﬁrmed	by	the	size-dependent	posi@ve	shiC	in	binding	energy	of	Ag	
3d5/2	peaks.		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
ACer	 30	 days	 of	 aging	 the	 nanopar@cles-containing	 fabrics	 showed	 a	 gradual	
release	of	Ag+	 ions	 from	 the	 fabric’s	 surface	 as	 conﬁrmed	by	 the	presence	of	
two	component	peaks	 corresponding	 to	Ag0	 and	Ag+.	 The	posi@ve	 shiC	 in	 the	
binding	energies	can	be	aAributed	to	the	polymer-AgO	complex.	The	changes	in	
the	N1s	e	O1S	core	level	spectra	conﬁrm	the	occurred	chemical	changes	due	to	
Ag+	ions	release.	
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Figure 1 - High-resolu@on	deconvoluted	XPS	spectra	with	rela@ve	areas	of	 the	Ag	3d,	C1s,	O1s	and	N1s	
binding	energy	regions	of	plasma	treated	PA66	ﬁbers	surface	at	day	1	and	30.	
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Figure 2 -	Percentages	of	the	adsorbed	AgNPs	(ini@al	concentra@on	of	0.02	mg/mL)	and	decrease	in	
surface	reﬂectance	onto	the	untreated	and	plasma	treated	PA66.	Inset:	Linear	ﬁeng	of	absorp@on	
spectra	of	diﬀerent	size	AgNPs	vs.	concentra@on;	Data	are	means	±	SD	(n=3).	
Figure 3 - Dynamic	contact	angle	of	untreated	and	plasma	treated	polyamide	at	day	1	(straight	lines)	
and	at	t=30	days	(dashed	lines):	(1-a)	Pris@ne	control;	(2-b)	Treated	control;	(3-c)	AgNPs	10	nm;	(4-d)	
20nm;	(5-e)	40	nm;	(6-f)	60	nm;	(7-g)	100	nm.	
 
Figure 4 - Percentage	of	Staphylococcus	aureus	and	Escherichia	coli	growth	reduc@on	respect	to	the	
control	fabric	of	untreated	and	plasma	treated	PA66	loaded	with	diﬀerent	sized	AgNPs	at	day	1	and	
aCer	30	days.	
